Evidence Against the Role of K ÷ in the Shut-off of Protein Synthesis by Vesicular Stomatitis Virus
(Accepted 4 January I978 ) SUMMARY Intracellular K + ion concentration and transport were measured in L cells infected with wild type VSV, which rapidly inhibits total protein synthesis in infected cells, and with a mutant, RI, defective in this function. No alterations in intracellular K + ion concentration or transport were observed until late in infection and the late changes seen were similar for both viruses. Thus the inhibition of total protein synthesis by VSV cannot be ascribed to virus induced changes in host K + ion concentration.
The inhibition of protein synthesis after virus infection has been studied in a variety of virus-cell systems (Wheelock & Tamm, 1961; Baltimore et al. 1963; Strauss et al. 1969; Wertz & Youngner, I972; Hightower & Bratt, 1974; Lawrence & Thach, r974) . It has been suggested that this inhibition may be regulated by alterations in the host cell membrane after infection (Herzberg et al. I974; Pong et aL 1975) . Carrasco & Smith (r976) and Carrasco (I977) have suggested that an early event following infection by picornaviruses is a virus-induced membrane change leading to an increase in the concentration of monovalent ions inside the cell. Saborio et al. (1974) and others (Robbins et al. 197o; Wengler & Wengler, I972; Liebowitz & Penman, I97I ; Nuss et al. 1975) have shown that an increase in the intraceUular monovalent cation concentration leads to the inhibition of the overall rate of translational initiation and that, under these conditions, the translation of virus mRNA is unaffected while that of cellular mRNA is inhibited. Egberts et al. (I977) have observed that the intracellular ionic strength remains unchanged early after infection with Mengo virus although there is a co-ordinate increase in [K +] and decrease in [Na+] . Later (3 to 3"5 h) in infection a rapid decline in cellular K + and increase in Na + was seen. These authors suggested that these changes in ionic conditions may be partly responsible for the inhibition of virus-specific protein synthesis in Mengo-infected ceils. Carrasco & Smith (I976) have also demonstrated changes in [K +] late (4 h) after infection with EMC virus.
To define more precisely the role of changes in the intracellular ionic environment in the shut-off of protein synthesis in VSV infected cells, we have used the VSV mutant, RI (P-), which is defective for the rapid inhibition of total protein synthesis in infected cells (Stanners et al. I977 ), a function of VSV which we have termed 'P', together with the VSV Indiana wild-type parental strain, HR, which is P+ for inhibition of protein synthesis (Stanners et al. I977) . Alterations in host cell internal [K +] and K + ion transport would be expected to reflect changes in both Na + ion concentration and the cellular Na+/K + ratio.
The uptake of the K + analogue, 86Rb+, a measure of the activity of the host Na +, K + ATPase, was examined in exponentially growing mouse L cells infected with VSV HR, or mutant RI at 5o p.f.u./cell. Methods of cell culture, virus procedures and origins of virus mutants have been described previously (Stanners et al. (o-z #Ci/ml, 63~ mCi/mmol, New England Nuclear) for zo min by replicate samples (,,~ Io 6 cells) of the infected or uninfected cultures was measured after termination with Io vol. of ice-cold conditioned growth medium, centrifugation, washing of the cells twice with phosphate buffered saline (Dulbecco & Vogt, ~954) and resuspension in IO ml distilled Short communications 553 H20. The retained radioactivity was determined from derived Cerenkov radiation using a scintillation counter. In the same experiment the rate of incorporation of a mixture of x4C-amino acids was measured at various times by infected and uninfected cultures to indicate the rate of total protein synthesis as described in detail previously (Stanners et al. I977) . The flux of 86Rb+ into the infected cells was found to be the same for both HR-, and Rr-infected cells (Fig. I a) in spite of the difference in the ability of the viruses to inhibit protein synthesis (Fig. lb) . In fact, the rate of uptake of 86Rb+ did not differ significantly from uninfected cells until late in infection when cells were showing marked cytopathogenic effects. Since ouabain, a specific inhibitor of the Na +, K÷-ATPase (Glynn, I964), inhibited 86Rb+ uptake by about 8o ~ in all cases (Fig. I a) when added with the S6Rb+, the uptake values obtained reflect the cellular activity of this enzyme.
In an experiment of similar design, total intracellular [K +] was measured in HR-and RI-infected L cells by flame photometry (Ballentine & Burford, 196o; Sanui & Pace, 1966) . Samples of the cultures, containing 2 × Io 6 cells, were centrifuged and the cells resuspended in 5 ml cold isotonic LiCI. The cells were then centrifuged through a mixture consisting of I: 7 cold ultracentrifuge oil no. 3o24~ I (Beckman):n-Butyl Phthalate (Fisher Scientific Co.). The cell pellets were lysed in ~o ml 4 mu-CsC1, o'o5 ~ Triton X-Ioo solution by freezing and thawing three times. K + concentrations were obtained using an atomic absorption spectrophotometer for K + determinations and an electronic particle counter with pulse height discrimination for cell volumes and cell number determination. Absolute volumes were determined with standard (9"67 #m) polystyrene beads (Coulter). (The mean diam. of uninfected, HR-infected, and mutant RI-infected L cells were found to be 14"7, I4"9 and 14"7 #m, respectively, until 6 h post infection. After this time the mean cell diam. of HRand Ri-infected cells decreased to I3"O #m and I3"7 Itm, respectively, and cell lysis was observed.) No significant difference in total cell [K +] was observed between HR-and R1-infected cells at any time and between infected and uninfected cells until late in infection (Fig. I c) .
In conclusion, we find no support for the idea that a VSV-induced alteration in the intracellular K + ion concentration is responsible for the inhibition of protein synthesis after infection. Ledbetter & Lubin 0977) have shown that a 20 to 4o ~ reduction in the intracellular [K +] is needed before protein synthesis is inhibited. The present results show that no significant reductions in intracellular [K +] or in 8~Rb+ flux occur in VSV infected cells as a consequence of the expression of the P function of VSV. Reductions relative to uninfected cells were observed only late in infection, and for both P+ and P-infected cells, when the cells were showing obvious signs of deterioration. The P function of VSV must therefore operate through some other mechanism. 
